Track elevation on the Chicago and Northwestern Railway by Bronson, G. Earl
T R A C K  E L E V A T I O N
ON TH E
C H IC A G O  A N D  N O R T H W E S T E R N
R A I L W A Y
G. K A R L  B R O N S O N
T H E S I S
F O R
DEGREE OF BACHELOR OF SCIENCE
I N
C IV IL  E N G IN E E R IN G
C O L L E G E  O F  E N G IN E E R IN G
UNIVERSITY OF ILLINOIS
P R E S E N T E D  JU N E , 1 9 0 7  ^
C O L L E G E  O P  E N G I N E E R I N G
April 30, 1907.
This is to certify that the following thesis prepared un­
der the immediate direction of Professor J. P. Brooks, Assistant 
Professor of Civil Engineering, by
GEORGE EARL BRONSON
entitled TRACK ELEVATION ON THE CHICAGO AND NORTHWESTERN
RAILWAY
is accepted by me as fulfilling this part of the requirements for 
the Degree of Bachelor of Science in Civil Engineering.
Head of Department of Civil Engineering
114856
| q o f
m
CONTENTS.
History of Track Elevation
Arguments
Difficulties
Ordinance
Removal of Viaducts 
Materials for Fill 
Retaining Walls 
Subways - Paid for by 
Robey Street Subway 
Main Dimensions of Subways 
Grade Crossing 
Ogden Avenue Subway 
Restoration to Service 
Drainage
Subway Specifications
Penalty
Damages
Obstructing Streets 
Consideration 
Time Allowed 
Conditions for Validity 
Estimating Cost 
Excavating 
Pile Driving 
Concrete Mixing 
Moving Sewers, etc.
Page
3
4
5
5
6
6
7
8 
9 
9
10
10
11
13
14
16
16
17
20
25
26 
27 
27 
29
CONTENTS.
Page.
Pilling 31
Raising Tracks 34
Foundations 36
Bridges 37
Team Yards 40
Statement of Work to be Done 42
Estimate of Cost 43
Contract Price on Sewers 46
Data on Cost 47
Cost of Bridges 47
Cost of Driving Piles 48
Cost of Excavating 48
C031 of Labor in Laying Concrete 48
Cost of Labor * in Laying Concrete 49
Quantities of Material in Concrete 49
Total Cost of Retaining Walls 30
TRACK ELEVATION IN CHICAGO.
The object of this paper is to give, with as much 
detail as possible, an outline of the work done in elevating 
any system of railroad tracks within the City of Chicago. It 
has been thought well to confine this paper to the work done on 
the tracks of the Chicago and Northwestern Railway along 
Sixteenth Street, since the general method of working is prac­
tically the same in all cases and since the writer's experience 
has been in connection with that work.
It would perhaps be well to give first a brief resume 
of the history of Track Elevation in Chicago.
The great number of deaths at grade crossings and the 
hindrance to which the commerce of the city was subjected have 
long impressed the public with the necessity of finding some 
means of doing away with these evil3.
A few viaducts were built by the city in the most 
dangerous places. These viaducts were very expensive, both in 
initial cost and in maintenance. The property along the ap­
proaches was severly damaged, throwing additional expense on 
the city. Furthermore, they were a great inconvenience to 
street traffic.
The first actual work of track elevation by any road was 
done in 1892 by the Illinois Central Railroad. The right of 
way of this road lies along the shore of the lake and for about 
five and one half miles from its station at Randolph Itreet 
there are no street crossings. This simplified the work very
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much and go, to facilitate handling the transportation to the 
World's Columbian Exposition, the company decided to elevate 
its tracks. The exposition management donated $250,000 for 
this purpose. The method employed was one of partial elevation 
of tracks and corresponding depression of streets. This is the 
method that has been employed on all subsequent work with slight 
modifications due to local conditions.
The first ordinances passed were so drastic as to be 
utterly ignored by the railroads, and, since the city was not 
sure of its legal powers, there was no attempt made to force 
them upon the roads.
In later acts mutual concessions were made till ordin­
ances acceptable to both parties were drafted.
The arguments for and against Track Elevation may 
briefly be summed up as follows:- 1. The existence of grade 
crossings is a constant menace to the life and property of 
the citizens. 2. Grade crossings are an expense to the rail­
road company for maintenance and for watchmen, besides necess-
»
itating slow schedules. 5. The elevation of tracks is a 
great expense to the roads. 4. It causes great damage to ad­
jacent property and to tributary industries.
In preparing an ordinance for track elevation and the 
plans necessary, all these facts must be considered and many 
other questions settled.
The city, on behalf of the public, demands the minimum 
street depression both on account of the resulting injury to 
teaming and the difficulty of drainage. The city also seeks to
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obtain a subway of proper width at each crossing, and the max­
imum width of subway where traffic is heavy. These things all 
mean additional expense to the railroad and are argued against 
for that reason.
Adequate provision must be made to take care of the 
business of tributary industries, since from them considerable 
revenue is obtained. The plans must be so made that inter­
secting roads will have the same elevation at the crossing. 
Sewers, water pipes, gas pipes and the wires and conduits of 
public service corporations must be cared for with a3 little 
inconvenience and interruption as possible.
All these things require care and consideration and in 
nearly all cases the representatives of the railroad and the 
committee from the city council work in harmony. Even then 
an ordinance is usually redrawn several times before it is 
accepted by the railroad and passed by the city council.
The essential points covered by an ordinance can best be 
shown by giving extracts from one:- The ordinance chosen is 
that governing the price of work which this paper is to deal 
with particularly. Only those parts of the ordinance will be 
given'which refer to the Chicago and Northwestern Railway.
An ordinance requiring the C. B. Q. R. R. Co. , the 
P. C. C. & St. L. R. R. Co. , the C. J. Ry. Co. , the C. T. T.
R. R. Co. , the C. & N. W. R. R. Co. , and the A. T. & S. F. R. R. 
Co. , respectively, to change the plan®of certain of their 
railway tracks within the City of Chicago.
Be it ordained by the City Council of the City of Chicago:
•BI­
SECTION 1. Par. 1 - 7 .  Give the location and grade of tracks 
by metes and bounds.
Par. 8. Permission i3 hereby granted to the rail­
road and railway companies to elevate their "Y" and connecting 
tracks and to make such changes in their location and align­
ment as 3aid railroad companies may deem necessary to maintain 
their proper connections with each other's tracks.
Par. 9. Nothing in this ordinance shall prevent 
the various companies owning their tracks mentioned herein 
from changing the location of said tracks by the mutual 
agreement of those interested, a3 they may deem necessary; 
provided, no change of location shall be made that will pre­
vent the separation of the grades of said tracks as contem­
plated in this ordinance.
The railroad and railway companies mentioned in 
this ordinance, and each of them, may, and they are hereby 
authorized to construct such elevated embankments the Pull 
width of their respective rights of way, and may construct, 
maintain and operate thereon such number of tracks as each 
may respectively deem necessary or convenient for the trans­
action of its business, and to carry such additional tracks 
over all intervening streets, avenues or alleys in the same 
manner as is herein provided for existing tracks, and to make 
such changes in the position and alignment of their respec­
tive main and sidetracks and switch connections as may be 
desirable in order to carry out the provisions of this ordi­
nance.
—Par. 11. If any bridge or bridges, viaduct or viaducts, 
approach or approaches or other structure or structures, belong­
ing to, or under the control of, the City of Chicago, in any 
street or avenue, shall be found by the Commissioner of Public 
Works to constitute an obstruction or interfere with the work 
of construeting, maintaining or using the elevated structures 
hereinbefore required, then the said Commissioner of Public 
Works shall direct and empower said railway companies to re­
move said viaducts and approaches at their expense, so as to 
enable said railroad and railway companies to proceed with the 
work of the elevation of their road beds and tracks; and said 
railroad and railway companies may retain, use or dispose of 
the material in the abutments, piers, retaining walls and the 
approaches of said viaducts in the work of the elevation of
their roadbeds and tracks.
*
SECTION 2. The embankment or embankments on which said elevated 
roadbeds and tracks shall be constructed within the aforesaid 
limits shall be composed of cinders, slag, sand, clay, gravel, 
loam, broken stone or whatever else may compose the surplus 
material excavated from the subways and from the foundation 
pits and trenches along the line of said work. The side slopes 
and lateral dimensions of said embankments will be fixed and 
determined by the natural angle of repose of the materials 
of which said embankments may be constructed, but whenever 
it may become necessary for the purpose of keeping said em­
bankments entirely within the lines of the right of way of 
said companies, such portions of said embankments at all such
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pointa shall be kept within said right of way lines, or they 
shall be confined between retaining walla of atone, concrete 
or brick masonry; provided, however, that whenever said re­
taining walls are of insufficient height to properly protect 
said right of way and to prevent trespassing thereon, then 
said retaining walla, aa aforesaid, shall be surmounted with 
a suitable fence or railing, but whenever aaid retaining walls 
are not used at all the right of way of said companies shall 
be fenced in, or otherwise properly enclosed in compliance with 
the present ordinances of the City of Chicago relating to the 
fencing of railroad tracks.
SECTION 4. Par. S. Subways shall be constructed beneath the 
tracks of the Chicago & NorthwestemRailway Co. , where aaid 
tracks are intersected and crossed by Ogden Avenue, South 
Western Avenue, South Robey Street, South Lincoln Street,
South Wood Street, South Paulina Street, South Ashland Avenue, 
South Laflin Street, South Loomi3 Street, Blue Island Avenue, 
and South Throop Street, Center Avenue, South Morgan Street, 
South Sangamon Street, Johnson Street, Newberry Avenue, South 
Halated Street, South Union Street and a grade crossing at 
Jefferson Street; and the aubway in West Twelfth Street shall 
be revised.
Par. 7, 8 and 9. All subways shall be constructed 
jointly by the road3 under whose tracks they are built. Each 
road shall construct that portion of each aubway lying between 
its right of way lines and the adjacent approach or approaches. 
SECTION 4 a. Subway in South Robey Street as extended under-
-7-
neath the tracks of the Chicago, Burlington and Quincy Railroad, 
Chicago and Northwestern Railway and Chicago Terminal Transfer 
Railroad. (Street 66 feet wide).
The depression of the street shall not exceed three and 
one half feet below the present grade of street, making the 
elevation of the floor of the subway not less than nine feet 
above city datum. Thi3 level shall extend on the south ten 
feet beyond the south portal of subway, and on the north ten 
feet beyond the north portal of subway. From this level the 
approaches shall extend on a grade of not to exceed three and 
one half feet in one hundred feet to a connection with the 
present surface of street.
Width between walls of subway, 66 feet.
Width of roadway, 46 feet in subv/ay,
' Width of sidewalks 10 feet each in subway.
Width of roadway and sidewalks outside of 3ubway shall 
be the same as they now exist.
The depression of sidewalks shall be uniform with the 
roadway and about one foot above the level of same. Two 
lines of posts may be placed in curb lines and inside thereof 
and one line of p o s t 3  in the center of the roadway to support 
girders.
Clear headroom, 12-1/2 feet. (For other subways 3ee 
table on page 8 ).
grade crossing in Couth Jefferson Street, over the 
Chicago Burlington and Quincy Railroad, Chicago and North­
western Railway and Chicago Terminal Transfer Railroad.
(Street 66 feet wide).
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Table Giving Main Dimenaiong of Subways.
Subwayg Width o f  
Street
Depression 
of Street.
Elevation of 
Subway
Grade of 
A-np roach.
Western Ave. 66' 3 » 9.0 ' 3.5$
Robey St. 66' 3.5* 9.0 3.5$
Lincoln 3t. 66* 3.5* 9.0 3.5$
Wood St. 66 ' 3.5' 9.5 3.5$
Paulina St. 66 ' o p; t6 • w 9.5 3.5$
Aahland Ave. 80 * O £ » • o 9.0 *7 »7<y$
Laflin St. B6 * o r»C • u 9.5 3.5$
Loomis St. 66’ O K »O « v,J 9.5 3.5$
Blue Island Ave. 
and Thro op St.
66 * Viaduct
 ^ c; t• u
8.5 3.5$
Center Ave. 66'
-- Vladuc t--
4.0 * 8.0 3.5$
Morgan St. 66* 4.64' 7.36 3.5$
Sangamon St. 66' 4.87* 7.13 3.5$
Johnson St. 66' 5.1' 6.9 3.5$
Newberry Ave. 66 ' 5.32* 6.68 3.5$
Halsted St. 66*
■ Viaduct 
6.05' 6.0 3.5$
Union 3t. 66• 7.0' 5.0 3.5$
- Sa­
lable Giving Main Dimensions of Subways. (Cont.)
Subways Width
bet.
Walls
Width
of
Roadwav
Width of 
Sidewalks
Lines of 
Posts.
Clear Head 
Room
Western Ave. 66 * 46' 10’ 3 12.5'
Robey St. 66* 46* 10* 3 12.5'
Lincoln St. 66' 46’ 10’ 3 12.5'
Wood St. 66' 46* 10' 3 12.0’
Paulina St. 66’ 46* 10 » 3 12.0’
Ashland Ave. 66' 46 ' 10* 3 12.5'
Laflin St. 6 6 ' 46* 10* 3 12.0’
Loomis St. 66* 46' 10' 3 12.0'
Blue Island Ave 
and Thro op St.
80 * 60 1 10’ 3 12.5’
Center Ave. 66’ 46' 10» 3 12.5'
Morgan St. 66 * 46 • 10' 3 12.0 f
Sangamon St. 66' 46' 10' 3 12.0'
Johnson St. 66 ' 46’ 10’ 3 12.0’
Newberry Ave. 66' 46* 10' 3 12.0 '
Halsted St. 66’ 46’ 10' 3 12.5'
Union St. 66’ 46* 10' 3 12.0’
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The above named companies shall construct jointly at the 
intersection of South Jefferson Street with the elevated road­
beds and tracks on the declining grade from Union Street to 
Canal Street Viaduct across their said roadbeds and tracks, 
a good andsufficient street crossing of said Jefferson Street. 
Said companies shall construct approaches from the north and 
south in South Jefferson Street upon inclines from the present 
surface of 3aid street on a substantially level grade. Said 
crossing shall oe well and 3iifficiently planked across said 
approaches and 3aid planked crossing shall be of the full 
width of said South Jefferson Street.
Said railway and railroad companies shall also construct 
a wooden sidewalk eight (8) feet in width on each side of said 
street within the limits of said companies’ right of way.
Subway in Ogden Avenue, under the Chicago Terminal 
Transfer Railroad, Chicago and Northwestern Railway, Chicago 
Junction Railway and the Pittsburgh,Cincinnati,Chicago and St. 
Louis Railway. (Boulevard 150 feet wide).
This subway shall be constructed in accordance with the 
plans and specifications agreed upon between the West Chicago 
Park Commissioners and the above named railroad companies. 
SECTION 4 b. The grade of the east and west streets that in­
tersect the approaches to subways, a3 described in Section 4 a 
of this ordinance, shall be depressed so as to conform to the 
grade of the approaches into such subways.
SECTION 4 c. In the several subways mentioned in this ordinance 
there shall be constructed a vertical curve where the head of
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the approaches connects with the present grade of street; and 
said vertical curve shall extend not less than 20 feet each 
side of 3aid intersection of grades and the middle ordinate 
of the vertical curve shall he equal to one-half of the dif­
ference between the elevation of the points on said intersecting 
grades.
SECTION 5. All such excavations shall be made in the streets 
as may be required for the depression of such subways and the 
approaches thereto. But the depressed portion of the streets 
shall be restored to serviceable condition for the use of the 
public as soon a3 practicable, and all water pipes, conduits, 
sewers and other similar sub-structure3 belonging to the city 
that may be disturbed by such excavations or required to be re­
moved or deflected from the position in which they are found 
shall be replaced or suitable expedients and arrangements 3hall 
be devised and provided to restore them as fully as may be 
to their former state of usefulness, but the gradients of the 
sewer3 shall not be reduced in any event. All such work shall 
be done by the respective railway companies,as indicated in 
Section 4 a, and at their sole expense, and under the immediate 
supervision and to the satisfaction of the Commissioner of 
Public Works.
SECTION 7. Provision shall be made for the drainage of the 
several subways wherever the streets are depressed, a3 provided 
for in this ordinance, by the construction of receiving basins, 
properly located in or immediately adjacent to said stibways, 
which said receiving basins shall be connected with and dis-
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charge their contents into the adjacent city sewers. Ir 
case the lowest point of the surface of any of said subways 
should be below the grade of the adjacent sewer, some other 
adeqxiate means of drainage satisfactory to the Commissioner 
of Public Work3 must be devised and provided by said railroad 
companies at their expense.
SECTION 8, Par. 1. The subways and approaches thereto so 
to be constructed by said companies, in said streets and avenues 
aforesaid, wherever the same shall be depressed, shall all con­
form to the following structural requirements, in this section 
mentioned, namely? The roadways shall be paved with a single 
course of vitrified brick of standard quality, laid at right 
angles with the curb line and set upon a solid foundation of 
hydraulic cement concrete of not less than six (6) inches 
thick or deep when solidly tamped in place and otherwise fin­
ished and properly crowned ready for the brick wearing surface 
between which and the concrete there 3hall be interposed a 
layer of screen sand not less than one-half inch thick. The 
curb shall be of sound, hard limestone of standard dimensions 
and finish, and the sidewalks shall be finished and paved with 
Portland cement concrete of standard quality and workmanship, 
and with the curbing and roadway paving shall be made, finished 
and put in permanent place in accordance with the requirements 
of the Department of Public Works of the City of Chicago.
The approaches of subways 3hall be excavated to the grades 
established by thi3 ordinance and shall be in all other respect 
restored as near as may be to their condition before being so
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excavated. The paving and sidewalks in subway where streets
or avenues are not depressed shall be the same as in the ad­
joining parts of such streets or avenues, if such paving and 
sidewalks exist at the time of construction of said subways, 
if not, whenever such paving and sidewalks shall be provided.
Such railway and railroad company, or companies shall 
execute a good and sufficient bond in the amount of twenty- 
five thousand ($25,000) dollars, conditioned that said railway 
and railroad company, or companies shall furnish and use such 
material and workmanship in the construction of the improvement 
heretofore specified as to insure the same to be free from all 
defects and to remain in continuous good order and condition, 
ordinary ware excepted, for a period of ten (10) years from 
and after the completion and acceptance of the same; and as 
a guarantee of the faithful preformance of the ?/ork, the 
quality of the material furnished, and the proper construction 
of said improvement, the railway and railroad company, or 
companies hereby agree to keep and maintain said improvement,, 
without additional charge or cost to the City of Chicago, in 
such order and condition as will be satisfactory to the Com­
missioner of Public Works, ordinary wear excepted, for a 
period of ten (10) years from and after the completion and 
acceptance of the same, which keeping and maintaining shall 
include repairs or the entire reconstruction of the same, 
the necessity for which may be occasioned by or through the 
use of faulty or inferior material or workmanship; provided, 
however, the railway and railroad company, or companies herein
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apeoified shall not be required to keep or maintain any 
part of aaid improvement under this guarantee which after .its 
completion and acceptance ahall have been removed for the 
purpoae of laying or repairing any ga3, sewer, water, or 
other pipes or conduit,in accordance with & permit granted 
by the City of Chicago, or to maintain or to renew any part 
of said improvement that may have been damaged in any manner 
by any work which shall have been done in accordance with, 
or under the authority o-f a permit granted by the City of 
Chicago.
If the railroad or railway company, or companies, ahall 
fail, neglect or refuse to repair, keep and maintain the 
said work in accordance with this paragraph, within thirty 
(30) days after notice so to do from the Commissioner of pub­
lic Works, the Commissioner of public Works may proceed to 
do, or cause to have done, the work necessary to comply with 
the same, and collect the cost and expense thereof from said 
railway or railroad company, or companies mentioned in this 
ordinance.
Par. 2. As to the streets in this section mentioned, 
which are already paved or provided with sidewalks, such pav­
ing and sidewalks shall be restored with the present material, 
when the same is in good condition, by said railway or rail­
road company, or companies, at their expense, in such 
portions of said streets as are required to be constructed 
by said company, or companies, except that said railway or 
railroad company, or companies, shall not be required to re-
-14-
store any part of the paving of approaches or subways which 
it is the duty of any street railway company or other corpor­
ation itself to restore under existing laws or ordinances.
par. 3. Said company, or companies, shall pave the 
entire length and width ©f the roadway in such portions of 
the subways as are required to be construeted by said railway 
company, or companies, as i3 mentioned in this ordinance, 
except that such company, or companies, 3hall not be required 
to pave any part of the subways to be occupied by or adjacent 
to street railway tracks, which by reason of existing laws or 
ordinances it will be the duty of any street railway company 
or other corporation itself to pay.
Par. 5. Nothing in thi3 ordinance contained shall be 
so construed as to require the said railway or railroad com­
panies, or any of them, to assume or pay any damages to adjacent 
property or business caused by the passage and enforcement of 
this ordinance, or by the excavation, depression or change of 
grade may in any of the public avenues, streets or alleys, 
or of the railways of either of said companies, or to defend 
any suit or suit3 which may be brought against the said rail­
way or railroad companies, or any of them, or against the City 
of Chicago, or against any other party or parties, for the re­
covery of such damages; but it is understood, and the City of 
Chicago hereby agrees,that all such damages, if there are any, 
shall be adjusted and paid by the City of Chicago, and 3aid 
city will assume the defense of any and all suits brought for 
the recovery of the same, intervening therein if necessary,
- 15-
for such purpose, and will wholly relieve said railway or rail­
road companies, and each of them, from defending the same and 
will assume and pay all judgments recovered therein provided, 
however, that each of said companies shall be liable, respect­
ively, for such damage a3 may arise from the negligent pre- 
formance by said company or companies, of any of the obliga­
tions imposed by this ordinance.
The above stipulations in this paragraph are, however, 
upon the conditions precedent, that in case any suit be 
brought against 3aid companies, or any of them , said company 
or companies will, before the last day to plead therein, give 
notice in writing of such suit and of 3uch service to the 
Mayor and Corporation Counsel of said city for the purpose 
of enabling such defense to be made by the city.
SECTION 9. All the work hereinbefore in this ordinance re­
quired to be done by 3aid company, or companies, upon or in 
connection with the public avenues and streets of the city 
shall be done and preformed under the superintendence and sub­
ject to the inspection and approval of the Commissioner of 
Public Works of said city. At least ten (10) days prior to 
the commencement of any part of such work the plans and spec­
ifications therefore shall be submitted to said Commissioner 
of Public Works for his examination,and if found to be in 
accordance with the provisions of this ordinance in 30 far as 
thi3 ordinance contains specific provisions, and in the absence 
of such specific provisions, if they shall be satisfactory 
to the Commissioner of Public Works, in regard to matters and
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detail3 which by this ordinance are left to hie diecretion 
and judgment, euch plane shall be approved by him, and after 
euch approval all of the work outlined and included therein 
shall be constructed in strict conformity therewith.
SECTION 10. Permission and authority are hereby given to 
said companies, whenever the same shall be necessary in the 
prosecution of the work they are herein authorized or required 
to preform, to obstruct temporarily any street, avenue or 
alley to such extent and for such a length of time as may be 
approved' by the Commissioner of Public Works; and they are 
also hereby authorized, whenever the same shall become nec­
essary, to erect and maintain temporary structures and false 
works on any of said streets and avenues during the construct­
ion of their said elevated railroads subject to the like 
approval of said Commissioner of public Works.
SECTION 11. When the said several railroads in Section 1 
of this ordinance mentioned shall have elevated their res­
pective tracks in accordance with this ordinance, so that the 
same 3hall be ready for use, then and thereupon all provisions 
of the ordinances of the City of Chicago relating to the 
speed of railway trains, the length of trains, the number of 
cars to constitute a train, the ringing of locomotive bells, 
the use of train or engine lights, the sounding of signals 
before starting trains, and the maintenance of gates, flagman, 
watchman, signals and signal towers, shall cease to be 
applicable to said railroads; provided, however, this ord­
inance is not to be construed as a waiver or surrender by the
-17-
City of Chicago of any of its police powers or of the right at
any time hereafter to pass the necessary and reasonable police
ordinances in relation to the matters last above enumerated.
After such elevation it shall be unlawful for any person, or
persons, 3ave employees of said companies, or either of them,
in the discharge of their duties, to enter or be ut»on or to
walk along or across the said elevated structure at any place.
If any person shall wilfully trespass upon said elevated road-
and all
way, such person A others aiding, abetting or assisting there­
in shall be liable to a fine of not less than five dollars 
nor more than one hundred dollars for each and every offense.
Section 12 provides that city shall built at own ex­
pense any subways in addition to those mentioned in ordinance.
Section 13 provides for elevation of elevated railroad 
crossing elevations provided for in ordinance.
Ci
SECTION 14. The Chicago, Burlington and Quincy Railroad 
Company, the Chicago and Northwestern Railway Company and 
the Chicago Terminal Transfer Railroad Company, who are re­
quired to elevate their tracks, shall commence the work of .such 
elevation after the Metropolitan West Side Elevated Railway 
Company's elevated road shall be raised at the crossing of 
that road, over the proposed elevated tracks of the above three 
named railway companies to the elevation required by Section 
13 of this ordinance; provided this ordinance shall have been 
accepted by the said above mentioned railroad companies here­
by required to elevate their tracks.
be
After such work has commenced the same 3hallAfully and
-IB.
finally completed on or before the 31st day of December, 1908, 
unless prevented by strike or strikes, or restrained by in­
junction or other order or process of a court of competent 
jurisdiction.
The time during which said railway companies shall be 
prevented by strike or strikes,or legal proceedings, as afore­
said, shall be added to the time hereby limited for the com­
pletion of said work; provided said railway companies give 
notice to the Corporation Counsel of:the City of Chicago of 
the institution of said legal proceedings. The City of 
Chicago shall thereupon have the right to intervene in any 
suit or proceeding brought by any person or persons seeking 
to enjoin or restrain,or in any manner interfere with the 
prosecution of said work and move for a dissolution of such in­
junction and restraining order, and for any other proper order 
in such suit.
Section 15 provides that City of Chicago may elevate 
the tracks of railroad companies in.case of neglect by them 
to do so, and also at expense of delinquents.
SECTION 16. The entire work required of each company shall 
be completed by the 31st day of December, 1908, except that 
the time during which any of said railroad companies shall 
be prevented from work by strikes,and the time during which 
it shall be restrained by injunction or other order or process 
of a court of competent jurisdiction, of which it shall have 
given notice to the Corporation Counsel of the City of Chicago, 
and the time in excess of ninety (90) days from the filing of
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the agreement mentioned in Section 19, the structures and 
tracks of the Metropolitan West Side Elevated Railroad Com­
pany shall have been raised, as herein before described in 
Section 13 of this ordinance, to a height of not 193s than 
twenty (20) feet above the elevated tracks hereby required 
and the time during which any of said companies required by 
this ordinance to elevate their respective roadbeds and tracks 
may be delayed in such work ?/ithout its own fault, in con­
sequence of any other of said companies to do the work by this 
ordinance required of it, or in consequence of the failure 
of any street railway company or corporation to grade or pave 
any part of any subway or approach required to be graded or 
paved, and 3uch last named street railway or corporation, shall 
be added to the date herein fixed for the completion of 3aid 
work.
SECTION 18. Nothing in this ordinance named or contained shall 
be so construed as to prevent said railway or railroad eom- 
panies, or either of them, from locating and constructing the 
abutments which from the walls of the subways at a sufficient 
distance back from the building or lot line of the streets, 
boulevards, or avenues, for the purpose of constructing and 
maintaining in the spaces or recesses so left between said 
abutments and said building lines, station buildings with 
all necessary ticket offices and waiting rooms, or other build­
ings fronting on said streets, boulevards or avenues uniform 
with the 3aid building lines thereof, and entirely within the 
lines limiting and bounding the right of way of said railway
- 20 -
or railroad companies, or either of them, and for the further 
purpose of constructing and maintaining within said lines 
stairways, and approaches leading to and from said station 
buildings to the elevated platform and tracks above the same 
for the accomodation and convenience of the passenger traffic 
of said railway and railroad companies, or for any other 
purpose in connection with the efficient maintenance and op­
eration of the lines.
SECTION 19. This ordinance shall take effect from and after 
its passage, approval and publication; provided, however, 
that this ordinance shall be null and void if said Chicago, 
Burlington and Quincy Railroad Company, the Pittsburgh, 
Cincinnati, Chicago and St. Louis Railway Company, the 
Chicago Junction Railway Company, the Chicago Terminal Trans­
fer Railroad Company, the Chicago and Northwestern Railway 
Company and the Atchison Topeka and Santa Fe Railway Company, 
and each of them, shall not through their respective author­
ized officers file with the Mayor of the City of Chicago 
before October 1st, 1902, an agreement or agreements duly 
executed by said companies, and each of them, whereby they 
shall undertake to do and perform all the matters and things 
required of them, and each of them, by this ordinance. After 
the filing of said agreement or agreements, as aforesaid, 
this ordinance shall not be modified or ammended without the 
consent of the said companies interested; but nothing in this 
ordinance contained shall be deemed a waiver or surrender of 
the police powers of the City of Chicago, or to deprive the
O  *1-ol-
city of the rights to properly exercise auch power; provided, 
however, that if auch agreement or agreements above mentioned 
shall not have been filed by all of said companies within the 
time above limited and if such agreement or agreements shall 
have been duly filed within the time above limited by the 
Chicago and Northwestern Railway Company, the Chicago, Burl­
ington and Quincy Railroad Company and the Chicago Terminal 
Transfer Railroad Company, then, notwithstanding the failure 
on the part of such other companies to file such agreements, 
this ordinance shall not be null and void as to said last 
mentioned three companies, but it and all the general pro­
visions thereof and all the agreements therein contained and 
all the rights and privileges therein granted shall, in so 
far as the same apply or relate to the elevation of the tracks 
of said three companies, lying east of the east line of South 
Western Avenue, be and remain in full force and effect; and 
the said Chicago and Nortwestern Railway Company, the Chicago, 
Burlington and Quincy Railroad Company, and the Chicago Term­
inal Transfer Railroad Company shall be obligated to carry out 
the provisions in this ordinance contained and perform and do 
the things required of them to be performed by this ordinance 
in so far only as the same relate to the tracks of the said 
last three mentioned companies lying east of the east line 
of South Western Avenue, and said three companies shall not 
be required to begin the elevation of their roadbed and tracks 
by this ordinance required to be elevated west of the east 
line of So\ith Western Avenue, but shall begin 3uch elevation 
at the east line of South Western Avenue and attain an ele-
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vation of the same of not les3 than 23.0 feet above city 
datum at the west line of South Robey Street, from which 
point the elevation of the roadbed and tracks of said three 
last mentioned companies shall continue in accordance with 
the provisions of this ordinance. And the benefits of this 
ordinance and its obligations shall inure to and be binding 
upon the successors and assigns of the railroad companies 
accepting the same.
Although the elevation to which the tracks must be 
raised, the dimensions of the subways and their number, and 
similar governing features are determined and fixed in the 
ordinance, there are many things which are left to to the
A,
discretion of the railroads.
The kind of ballast, ties, and the weight of rails to 
be used must be determined, as in any railroad construction, 
by the kind of traffic and considerations of expense and 
durability.
The question whether side-slopes or retaining walls shall 
be used is determined by the width of the right of way and 
the number of tracks that is required.
The kind of filling; material of which the abutments 
walls and foundation ghall be made; the size and location 
of team yards, freight platforms etc. ; the style of bridges 
and construction of bridge floors; are all matters for the 
company to decide.
A few years ago, those engaged in track elevation were 
pioneers, and having no experience to guide them in the solu-
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tion of their problems, had to look to similar work in other 
lines for precedents and examples. Now, while there has not 
been sufficient time to make a thorough test of the permanency 
of the work, there may be found applications of several theories 
and methods of construction which may govern the making of 
p Ians.
This picture shows the Wood Street Yards looking west 
from Lincoln Street. These yards are yet to be elevated, 
the front of the present grade being in the foreground.
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PRELIMINARY WORK.
Before work can be begun on the plans and drawings, an 
accurate survey must be made to secure all the necessary data.
In the spring of 1905 the Chicago and Northwestern 
Railway put a party consisting of an engineer, an instru­
ment man, a rodman, and a tapenan on the Sixteenth Street 
line, known as the South Branch.
This party reran the right of way lines, setting per­
manent monuments at corners and at the intersections with 
street lines. The monuments consisted of four-foot lengths 
of old steel rails, usually seventy-five pound size, driven 
into the ground with sledges; these were marked with a cross 
by means of a cold chisel and referenced to buildings and 
permanent structures.
The center lines of streets were run over and a record 
made of permanent monuments which were outside the line of 
work, where they would not be disturbed during construction.
Levels were run over the line from city bench marks, 
and at each crossing bench marks were set on watertables, 
stone sills,monuments,and so forth, and a complete record 
kept in duplicate. These bench marks were checked and re­
checked to avoid error.
The exact location of all tracks, turn-out3 and switches 
was ascertained and recorded and compared with the maps existing 
in the office. All adjoining buildings and platforms were 
located with reference to the right of way lines and the names
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of owners and tenants noted.
Ci*ty naps are notoriously incomplete and inaccurate 
and for this reason the location, size, elevation, and direction 
of flow of all sewers in the vicinity was ascertained, as well 
as all needed information concerning water pipes, ga3 pipes, 
etc. , as far as possible. All telegraph and telephone lines 
which would have to be removed were noted.
Profiles were made of the line and cross sections taken 
in all team yards, freight yards, and 30 forth.
A field book was reserved for each class of notes and 
carefully indexed. Diiplicates were made for the field and 
office.
In some cases the number of tracks is limited by the 
traffic which ha3 to be accomodated and sometimes by the 
width of the right of way. After these points have been de­
termined, the work of preparing an estimate of the probable 
cost is begun.
The spans of the bridges across the subways are fixed 
by the ordinance and the loading is determined by the regular 
standards of the company. With thi3 data the bridge depart­
ment designs the bridges and draws up plans giving such de­
tails only as are necessary to enable the bridge company to 
conform to the ideas of the railway company. Prom these 
designs the weight of the steel is determined as nearly as 
possible. The shop drawings are made by the bridge company 
and then checked by the bridge department of the railway com­
pany,
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The work in the drafting room embraces such estimates as 
the amount of excavation necessary for lowering the streets, 
and for the foundations of the retaining walls, abutments and 
piers, the amount of concrete in the retaining walls and 
abutments with their foundations, the amount of filling and 
ballast, the bridge floors, and go forth.
The values and prices used in making this estimate are, 
in most cases, placed somewhat above those v/hich are finally 
paid, and in the case of sand used for filling, which comes 
from the company ’ 3 own sand pit at Cary, 111. , the price of 
fifty cents a cubic yard is a purely arbitrary one used in 
transfering accounts from one department to another.
When this estimate is finished it i3 sent by the Track 
Elevation Department to the Chief Engineer for approval.
(For summary of estimate see p.-42).
The force in the drafting room also makes the designs 
drawings and maps for all parts of the work including re­
taining walla, team yards, subways, track arrangements and 
so fort*V •
These drawings, tracings, negatives, and blue prints 
are filed, rolled, in the vault and indexed by a decimal 
system so that they can be referred to easily.
FIRST YEAR’S WORK.
The work of construction is started with the excavation 
for the retaining walls. This work is done by hand and with 
a steam shovel; sometimes by hand alone, sometimes by a com-
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bination of the two and sometimes hand work is used only in 
cleaning up after the shovel . The dirt is loaded directly 
on cars except where staging is necessary in hand work. The 
steam shovel used is of the ordinary bucket type. (For cost 
of excavation 3ee page 48).
After the excavation is completed piles are driven'to 
within about a foot of the bottom of the trench. Hemlock, 
oak, and tamarack piles are used. The pile driver has wooden 
leads and a hammer weighing 2000 pounds. It is run by steam. 
In some cases the piles are driven before the excavation is 
commenced and followed about five feet. (For cost of driving 
piles, see page46).
The concrete is mixed by a Smith Rotary Batch Mixer, 
mixing about two cubic yard3 at a time and run by a fifteen 
horse power gasoline engine. Next to the mixer are four cars 
of stone, then two of sand and then one of cement. Universal 
Portland Cement is used. The concrete is taken from the mixer 
in wheel barrows to the excavation over plank runways. It 
i3 put in comparatively dry, water not. standing on the surface 
after tramping. (For proportions and cost of laying see 
page 4 9 ) .
After the concrete in the footings has set the forms 
for the wall are erected. (See blue print). A steam derrick 
carrying a bottom drop bucket is used to put the concrete in 
the forms. Cement mortar is mixed by hand and spaded in next 
to the forms and is used to dress the top of the wall3.
(For cost of laying walls see page 49).
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Thig picture shows a gection of concrete retaining 
wall when the right of way widens allowing aide slopes.
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Duririg the first year the foundations are put in for 
the bridges over a few of the streets.
SECOND YEAR'S WORK.
In many cages the sewers which cross the right of 
way are in the center of the street and are so near the 
surface as to interfere with the foundation which must be 
put in for the center columns. Moving these sewers is the 
only part of the work of elevating the tracks which is done 
by contract, the reasons being that the railroad has no labors 
capable of doing this work in a satisfactory manner. (For the 
section of the contract containing prices see page^6).
The gas mains are moved by the gas company and the city over­
sees the moving of the water pipes.
In raising the tracks there are several problems to be 
solved. A line must be kept open to accomodate the ordinary 
traffic of the road. Care must be taken that the filling 
material doe3 not obstruct the adjoining tracks of the Chicago, 
Burlington and Quincy Railroad. The street crossings must be 
kept open as much of the time as possible.
The line of the Northwestern Railway consists of three 
tracks, and of these the two north tracks, those farthest 
from the Chicago, Burlington and Quincy are turned over to the 
track elevation department and the south one is used for the 
passage of trains. This gauntlet extents for about three 
quarters of a mile east from Lincoln Avenue.
30
This picture shows a train of side dump cars being un­
loaded where the filling has just been started.
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1
< RiSi ,1< < <' '■ , V .
The gand is brought in, in side dump gondolas. The
filling is done entirely by hand, the cost being about one 
dollar and sixty cents to unload a car of about thirty-five 
yards
This picture shows a. sand train about to be pulled out 
where the fill is nearly completed. The gang is clearing the 
low track for the passage of trains.
The 3and trains are brought in alternately, first on 
track and then on the other. While one track is beingone
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used for dumping the other is raised by crowbars and filled 
under the tiea. The filling is done first in the middle of the 
blocks leaving the street crossings at the original grade.
r
This picture shows a pile driver putting in piles for a
temporary bridge
- 3 3 -
Thig picture shows a trestle nearly completed, 
derrick on the low track beyond is raising ties.
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When this method of procedure hag been carried ag far 
ag is practicable, the north tracks are cut at a crossing and 
temporary false work is put in to carry the track at the final 
grade. Then the sand trains are run in from each direction and 
the filling is carried on till the tracks can be laid on the 
trestle and trains run across it. This operation is re­
peated at each crossing, delaying the street traffic only while 
the pile driver is at work. (For the details of the trestle 
see blue print. )
This picture shows the false-work for a temporary 
bridge after the ties have been put on.
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Pour tracks can be accomodated when the filling is com­
pleted and there were only three on the groTind, so while the 
first two tracks are being elevated t^ey are gradually shifted 
towards the retaining wall. This keeps the sand off the low 
track till the two at the top are ready for service.
When the high tracks are surfaced well enough for ordin­
ary use, the north one is turned over to the traffic department.
This picture shows the temporary bridge at Ashland
Avenue where the car tracks were gauntleted, and shows the
abutment,
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Then the low track is tilted up on its outer edge and braced 
with old ties, after two more bridges are put in at each 
crossing south of the first two. Dumping i3 then carried on 
from the south high track and when there is room for it the 
low track is taken up the slope in thirty foot sections by a 
derrick, and put together at the top.
This picture shows a five hundred foot trestle on the 
Rose Hill work in front of the Rogers park station.
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Dumping is then continued from the third track till 
completed, afterwards the fourth track can be put in when 
convenient.
The pile3 for the foundations of the subways are put in 
before the filling is commenced and followed about five feet. 
After the false-work is up excavation is commenced for the 
subway foundations. The dirt removed is carried back of the 
line of the abutment, where room has been left for it. That
Tkiis picture 3hows a gang excavating by stages for an
abutment foundation,
-37-
taken from the abutment site can be thrown back with a little 
staging. The rest of it has to be carried in by wheel barrows.
When the excavation has been completed the piles are 
sawed off about a foot from the bottom of the trench and the 
work is ready for the concrete. The mixer is spotted over 
one of the roadways and the ties spread under it. The mixer 
dumps into bottom-dump bucket similar to the one used on the 
derrick. The concrete is taken in wheel barrows from the 
bucket to the excavation.
The bottom course of concrete is confined only by the 
walls of the excavation; but above that, forms are used.
For the abutments the forms consist of planks along the outer 
face. For the piers, boxes are used which are centered and 
braced against the walls of the excavation. (For plan of 
footings see blue print).
When the footings have thoroughly set the forms for the 
abutments are erected. These are filled and tamped in the 
same manner as were the retaining walls, with the exception 
that much more care i3 taken in setting the grade of the bridge 
seats.
The bridges used are of two types. In one type plate 
girders run parallel to the tracks and in the other
parallel to the street. In both types a trough floor is used, 
built up of channels, angles and plates. The floor is covered 
with concrete and water proofed with asphalt. Rock ballast is 
used above the asphalt.
The iron was furnished by the American Bridge Comapny 
at three dollars and fifteen cents (S3.15) per hundred pounds.
-58-
This picture was taken from the foot of a team yard 
approach and shows the bridge at Loomis Street. The laborers 
are a gang of concrete layers engaged in putting in a center
curb.
-3 9
This picture was taken from the team yard and shows 
the bridge at Laflin Street. On the right the floor is com­
pleted with the asphalt water-proofing. On the left is shown 
the rock ballasting.
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It was erected by the bridge department of the railway at a 
coat of about eight dollars 08.00) a ton. The cars running 
over the Blue Island Avenue Viaduct are diverted to Center 
Avenue and the removal of the viaduct and approach presents no 
unusual difficulties.
The approaches to the team yards are -nut in on a five 
per cent grade. The filling is done from spur tracks which
This picture shows the condition of the track on a 
transverse girder bridge before the floor is completed. The 
picture is taken looking east towards Laflin Street. The 
viaduct at Center Avenue can be seen in the background.
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can be shifted wherever convenient. The tracks are laid and 
the buildings erected after the filling is completed.
At the time of writing this paper no paving has been 
done. Otherwise the work is completed from Robey Street to 
Blue Island Avenue.
Piles have been driven in the eastern section and the 
work will now be pushed forward there. The work at the 
extreme west end, where there are two railroad crossings, can 
not be done till the Chicago Terminal Transfer Railroad gets 
farther along with its work.
This picture shows the approach to the team yard at 
Ashland Avenue. The grade is five per cent.
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Chicago and Northwestern Railway Co. South Branch Track
Elevation.
STATEMENT OF WORK TO BE DONE.
From a point 550 feet east of Western Avenue to west 
line of Canal Street. Distance 2.3 miles.
Date of ordinance July 7, 1902.
TRACKS TO BE ELEVATED.
Two Main Tracks 4.6 miles.
Wood Street Yard 19.0
Team Yards 1.9
Industrial Spurs 0.3
Freight house Track 2.2
Other Freight yard Tracks 1.4
Total Side Tracks 24.8
Complete all subways above foundation.
Complete all l-etaining walls.
Raise Jefferson Street Transfer Freight House 4 feet.
Raise Wood Street Freight House platform.
Remove viaducts and approaches at Center Avenue, Halsted 3tre®t 
Blue Island Avenue, and Throop Street.
Construct grade crossing at Jefferson Street, 
pave five teamways.
Streets to be closed None.
New streets to be opened 
Subways to be built
1
15
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ESTIMATE COST.
Work done in 1905
Work to be done in 1906
Work to be done in 1907 and 1908
Total
$42000.00
400000.00
858000.00.
$1300000.00
Estimate No. 9 
February 21, 1906.
WORK TO BE DONE IN 1906. 
ESTIMATE OF COST.
Subways. Five complete and ten foundations 
14700 cubic yards excavation for foundations
@ .50 $7350.00
3380 cubic yards excavation for subways 
@ .50 1690.00
5310 cubic yards concrete for foundations 
@ 5.00 26550.00
2880 cubic yards concrete © 6.00 17280.00
Falsework. 32950.00
1,364,000# Iron © .04-1/2 61380.00
17,100 square feet asphalt © .20 3420.01'
4,420 M yards brick pavement © 2.00 8840.00
1700 linear feet stone curbing © .80 1360.00
19-40 square yards cement sidewalk © 2.50 4850.oq
Sewer connections 740.oq
18 catch basins © 35.00 630.00
4 man holes © 35.00 140.00
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Lowering water pipes f1340.00
Retaining walls (including concrete wall3, 
concrete footings and excavation). 80800.00
173000 cubic yards sand filling © .50 86500.00
Ballasting 10550.00
Removing one viadict and approach 13610.00
Paving one teaimvay 15000.00
New side tracks 2020.00
Track repairs 18000.00
Engineering and superintendence
Total
5O00.O0
$400000.00
Chicago February 21, 1906.
Estimate No. 9.
Detailed Estimate for One Subway. Loomis Street. 
Depression 2.5 feet. 4 tracks.
800 cubic yards excavation for foundation 
@ .50 $400.00
500 cubic yards excavation for subway © .50 250.00
3 70 " '• concrete © 5.00 1850.ro
400 M " M @ 6.00 2400.00
Falsework 4200.ro
271000# Iron @ .04-1/2 12195.00
36O0 square feet asphalt @ .20 720.00
720 " yard3 brick paving @ 2.00 1440.00
300 linear feet stone curbing @ .80 240.00
340 square yards cement sidewalk @ 2.50 850.00
Sewer connections 60.ro
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4 catch basiria @ 35,00 ^140.00
1 man hole © 35,00 35.00
Lowering water pipes 290,00
Total 125070.00
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CONTRACT PRICE FOR SEWERS ( Two ring ).
Per lineal foot of 4 foot sewer $4.42
" " " " 3-1/2 foot sewer 3.85
" ” " " temporary wood box construction 2.80
M " ,f 12 inch sewer 1.00
t» It ft g il II ' I j f i
” catch basin, new 30.00
" w " , changed, with nre cover 16.00
M man-hole, new 22.00
For removing extra dirt from trenches, after back 
filling has been completed per cubic yard .53
From the above prices a deduction shall be made 
where old materials are used, as follows
Per lineal foot 9 inch sewer pipe relaid .60
t it it ^2 " *» it » .74
it man-hole cover used 6.00
!♦ catch-basin cover used 6.00
it hundred old brick used .50
This bid does not include the timbering of any 
tracks in use by the Company, nor any Engineering or 
Inspection.
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DATA ON GOST.
Cement per sack ->0.45 
Crushed stone per cubic yard 0.65 
Sand No. 3 " " " 0.40 
piles per linear foot 0.06 
Iron for bridges per cwt. 7.15 
Shop inspection of bridges per ton 0«35
COST OP BRIDGES.
Location Weight Cost of 
Iron.
Cost of 
Shop Insp.
Cost of 
Erection.
Total Cost.
Wood St. 340336 10720.58 59.55 1361.34 12141.47
Paulina St 246105 7752.30 43.07 984.42 8779.79
Ashland Av 247735 7803.65 43.35 990.94 8837.94
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Cost of Work. pile Driving for Ret. Walls. Labor only.
Location Total No. 
of Piles.
Total Lin. 
Ft. of Piles
Total
Cost.
Av. Cost 
per 
Pile.
Av. Cost 
per 
Foot.
Piles
Followed
Wood to Paulina 206 3264 150.04 72.8 4.6 5 ft.
Paulina to Ash. 198 2970 132.02 66 • 6 4«4 5
A3h. to Laflin 154 3572 111.94 83.2 3.1 5
Laflin to Loomis 144 3984 132.68 92.5 3.3
Loomis to Blue 
Island.
145 3838 204.22 140.9 5.3
Cost of Excavation for Retaining Wall.
Location Total_____ 8team Shovel Hand Work.
Cu. Yd3. C03 t Per Yd Work.
Cu. Yds Cost Cu. Yds. Cost.
Wood to paulina 1000 373.54 37.3 572 127.40 428 » 246.14
Paulina to Ash. 1015 523.34 51.5 1015
Ash. to Laflin 813 298.90 36.8 684 166.34 129 132.56
Laflin to Loomis 835 270.55 32.4 480 135.77 355 134.78
Loomis to Blue 
Island.
872 440.98 50.5 540 220.54 332 220.44
Cost of Labor in Laying Concrete for Footings 
for Ret. Wall. Mixers hold about 2 cu. yds. - Smith mixers. 
(Batch) - Gasoline engine, about 15 H.P.
Location Contents Cost. Cost per
cu. yds. yd.
Wood to Paulina 600.1 1705.73 $1,176
Ash. to Laflin 459.9 491.19 1.07
Loomi3 to Blue 
Island.
446.98 423.62 0.948
Paulina to Ash. 615.87 567.27 0.921
Laflin to Loomis , 429.00 435.48 1.015
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Cost of Labor for Laying Concrete Ret. Walls. Including 
___________________ derrick men._______________________
Location
Total
' IV li*'-' X X*
Aver.
Cost.
Time
Days
Days WorkCu. Yds. Cost.
Best__ __Aver.
Wood to Paulina 1870.78 $1915.21 $1,024 18 119.24 103.93
Paulina to Ash. 1909.14 1878.03 0.983 18 122.62 104.33
Ash. to Laflin 1383.33 12*37.16 0.894 12 117.39 115.28
Laflin to Loomis 1198.66 1203.93 1.054 11 119.66 108.97
Loomis to Blue 
Island.
1303.97 1446.02 1.068 13 117.07 104.15
Concrete Footing. Wood and Paulina.
Cement - Portland - 295C bags. Stone 1,195,100# Sand 323,500.
Quantities of Material used in Making Concrete.
Cu. Yds. of 
Wall.
Pounds of Sand. pounds of Stone. Bags of 
Cement.
524 623500 1195100 2950
1 1190 2261.6 5.65
614 853900 1130600 3075
1 1390 2216.6 5.08
418 361400 1013700 2260
1 864.6 2425.1 5.40
429 369400 932750 2150
1 861.0 2174.2 5.01
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Total Cost of Retaining Walls 
Including materials labor and rental.
Location Cu. Yds 
of
Wall.
Cost of 
Excav. & 
Piling.
Cost of 
Materi­
als.
Cost of
Laying
Concrete.
Total
Cost.
Cost 
■ner 
C\u Yd.
Wood to Paulina 2470.9 751.42 7755.68 2789.29 11174.59 4.52
Paulina to Ash. 2525.0 845.56 7925.96 2554.70 10504.22 4.08
Ash. , to Laflin 1845.0 654.16 5783.55 1841.95 8259.44 4.48
Laflin to Loomis 1627.7 652.27 5107.72 1744.91 7504.90 4.62
Loomis to Blue 
Island
1801.0 884.48 5651.54 2091.54 8657.56 4.80
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